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(g) Computer-controlled spray-dying process. 

is especially suitable for the manufacture of detergent powders or components thereof. 



Q. 
Ill 



Xerox Copy Centre 



EP 0 437 888 A2 



10 



35 



40 



45 



50 



COMPUTER-CONTROLLED SPRAY-DRYING PROCESS 

powders. In the detergents industry fo insteJ^ZJl? 9 ,f onversion of slu ™s or solutions to form 

powders. Another example TT^ ^'SrZrTdrll^T 6 *" ^ ^ f ° r d8ter9ent 
powder. y mausiry ' wnere spray-drying towers are used to manufacture milk 

bottom of the tower. As the droplete ^"ravefdown 1 £ ^ 3 fl ° W ° f hot dr * air is fed to the 

tower a powder is collected * th6y "* gradua "* dried ™* * *e bottom of the 

. ^e^^^ de ^V or particle porosity, are 

the slurry flow rate and by ^Zt^oIZ'Zt * em P eratu ^ of the drying air, the air flow rate. 

drying conditions has been found rtlToolTtr, ^ T "* ° nCe an 0ptimal set ° f W 

constant quality of the powder oroduced Tf E? P th8Se conditions constant in order to achieve a 
directly controL at the^ame time ' ^ ^ t0 be imp ° SSible as not a » <*W*. can be 

" e.g. a * a powder property. 

experienced operator can thereb'achieve thr ° U9h ** W A " 

However, is not only imoortant to arhi P » 0 I™ constant moisture content over a number of hours. 

also have a moistur ^oSS^^^ZT. "** The reSU ' tant P° wder shou,d 

» possible. Especially when f^m^^£^ corresponds to the desired value as closely as 

densification'steps,^ after spray-drying, such as one or more 

steps can be quite sensiSv/to the 2ZTZ~^ diS3dVanta9e b ~- SUCh 

» consequence. <£JL&<£££ of base powde L^" 9 I* J°T ° f air thr0U 9 h the ^ As a 
the required specifications and have to be dTsLZf P ^ d ° n0t C ° mplete,y com ^ witn 

regulators which derive their Input ^mad^n^^f 1 ", 9 * ***y-<tryinQ process by means of 
the slurry ,.ow rate and The rate of ot^ZSnTT^ T"* a " d 3Ct U P° n 

the actual values of the measured inou? o^™^ T 9 ^ thiS of contrcl P™ 0 "* cnly 

Because delay in such i^^ooT^T^T^ l^T ^ 0UtpUt Variab,es 
satisfactory. V considerable, th.s type of control does not function very 

input during the drying mJ^JS^S^^ automatically controlled as a function of the heat 
makes it dJficult t cSS the ^^SliTSS^ I ^ b " te ° f *" P ° Wder moisture content 
ments of the moisture content deSnin^n a iu7t3of and^eZ'" 9 ° f 

actual measurement of the powder moisture content " 9 S3 ' d 3Vera9e value as an 

co„.„, md p« vollles 0 , „,, ri^d d "° W a " d/ " '"W"™- ««l - a function of 
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ln th e process of *. invent the moisfc-re conte. ^l^^Z!^^^ 
.east periodically measured. The current moisture ^^^^^ on , ine by means of infrared 

which is necessary to keep the moisture ^ndpte a ny suitable type of computer can be 

special requirements with regard to the ^ e^Trntcro computer. The computer must be 

used, such as a mini-computer, e.g. a DEC Pur 1 1 , controller, an algorithm which defines an 

md process a***, in Ka mo* -mp« ^ ^'^Tp, do^nod .or .v«v P« — •» 
specific for a particular spray-drying plant, so a new con™ 

process of the invention is to be installed. des ianed on the same computer as used to 

P The controller for a specific f^^^ h J2«« «~d. First, the spray drying 
control the process. To design the controHe^the ^^JE,*, long whereby the flow of drying a.r 
process is carried out for a period of tm» between ^J^TSLXi-A , ev el. It is important that this 
^d/or the temperature thereof is perturbed ^ * ^J^ 0 ^, ^u* may be advantageously 
perturbation is not correlated with the measured mo by means of a computer program, 
effected by using a pseudo-random ^r^^SiS^ ^ to * e S,urry f '° W * 
To design the feed forward control^ a s ^^ZT^r mo'isture content, quench fan speed 
Whilst the perturbations are ^ J^^JrJ mea sured and stored at regular intervals for 
, and/or temperature of the drying air and the slurr, t0 a common time reference. 

future analysis. It is important that all the stored date are ^ mathematical relationship 

The second stage of the controller des.gn 'TJ^*™^ temperature thereof and changes of 
(or model), which relates ^^^^^SXom be derived using recursive 
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(or model), which relates changes of the *»"*^ " ^Hcn^ can be derived using recursive 

slurry flow rate to the measured powder ^™ear model, 

.east squares identification ^^^^^ ^ M model thus derived is used to 

iSlT ^^=^^1^, oon». « powda, — eon», 

in the spray-drying process. desianing suitable computer programs for application 

The man skilled in the art w.ll have no difficulty m ^des gnmg i s Qf programs 

in the process of the present invention. ^^^^SSS^ 2 optimal feed back and feed forward 
a software package. Ideally, the package should altow * ^J^ 9 ^ s t0 collect and store these data 
controls using data logged from the plant as well " J^2X%™d - to design the software 
and implement the controllers. It is possible - an l*» » ^Jg 8 J jn ^ design of controllers for 
package such that it has a general '^^^S^^M^ multi-variable). It is even feasible to 
single loop industrial processes as well as ^^^^^ Cerent loops of varying complex,ty. 

SS» . — *e op.ra.op - *. prcass o, »a p.asao, — — - *« *" — °* 
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Figure 8 shows a two hour period of manual control- and 
EXAMPLE 1 

computer system was interfaced to the plant ff!T22J£ *° ***** Wa * in whi <* the 

de S ,gn. The moisture content of the base powdeMeav.no ^1 ^ WaS ° f Standard ^"ter-current 
Infrared Engineering (Trade Mark) infrared meter Th S ! JST COntinuous, y measured using an 
varying the speed of the quench fan to the 5*er and th. n ^ " mt ° the tower was -**d by 



Ut ~ U t-64 + [0.62 0.19 0.27] 



Yt -64 



Wt 



♦ t-O... -0. 59 -0.65 -o. 54 .0.30 ^ 
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in which: 

Vt = moisture measurement at time t seconds 
W t = moisture set point at time t seconds 
U t - quench fan speed at time t seconds 

sir — • * - - — ~ sa; ^ sssi s 

charge* (of , „ 2 lmcesl , ^ s » ^ZZ J^ZT^i ls see " *»■ *"* a«w>l ij 

shown in Rg. 2 are given in Table I. "as achieved. Statistics fo, th. petal „f operation 
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Table I - H-hour period of feedback moisture control 

Moisture Moisture Slurry Flow Quench Fan 

Setpoint Content (t/hr) speed (%) 



10 



Mean value (%) 
Standard 
deviation 



17 



17.2 



1.20 



32.2 



1.12 



50.0 



1.84 



75 



20 



25 



EXAM PLE 2 f 

For la r g er ,oad changes .an tnose (E1) - 3 i 

greater than approx. 2 lances, the ^Z ^ncXn speed at a fast enough rate. This problem 

deteriorate as the controller could not adjust he W^J™* 9 **^ the quen ch fan speed was taken 
SSd be overcome by a feed-back plus feed -forv«* d con «o» whereby 1 schematically 

s=5=S2rS===i-- 

tion and on-line tuning this became (E2). 
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° fc *" D t-64 + [0.68 0.19 0.32] 




W t 
Wt 



+ [-0.20 -0.13 - 
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0.19 -0.03 
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+ [0.31 0.33 0.11 0.09 0.1 2 0 .21 0.07] 
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in which; 

W - m°,l S, r e measuremen * « time t seconds 
W t - m0I sture setpoint at time t seconds 
U, - quench fan speed at time t seconds 
V, - slurry flow rate at time t seconds 

«^3E^E£ mLTsZr: ° btained Whe " thiS (E2) was use d instead of * 

of the feed-back-only conEw sSow^n RalTf™ °? 3 and * 4- ^ 
a srmilar period of operation, during wWch time ^tT?,^ W6re *"> ,oad Ganges 4 7hows 
't .s seen that the moisture deviation from , «S2 i^n « P US feed - fow ^ controller was in opeJatZ 
was ,n operation. It is surprising that S SShL? Ztf* ^ ^ the feed *™ard compensa 2 
capable of providing such a constant mofstuTc^ten, S^tf *T ***** °° nW SyStem 

The structure and the number of parameters inThl 1 f „ 6 many possib,e contro ' variables 
dynam.cs of the process, the process bme Sav fnd * ^ d6pendent u P° n th * oomplexj of the 
time delay in this process, the structure oHhe ? ed , °T* l "*" L Because of *• relatSy Lna 
choos-ng a contro, interva, of 96 seconds^ ^cSZZZSg » Si ~" 
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U t = U t _ 96 + [0.81 0.002 0.07] 



Yt_ 32 " W t 
Yt_ 64 " Wt 



+ [-0.31 0.26 -0.13 -0.17 0.07] 
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96 


- u t - 


192 


"t- 


•192 


- u t . 


288 




•288 


- u t . 


•384 




•384 


- u t _ 


■480 



75 


+ [1.31 0.56 0.29 0.34 0.50] 


v t 






V t -96 


- V t - 192 






v t-288 




20 




v t-384 


- Vt-480 



in which: 

Y t = moisture measurement at time t seconds 
W t = moisture setpoint at time t seconds 
U t = quench fan speed at time t seconds 
V t = slurry flow rate at time t seconds 
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EXAMPLE 3 



operating conditions were hereby considered: ... „u„„„ oc 

(i) steady state - meaning a period of operation without major load changes. 

fi i transient - meaning a period of operation when there are major load changes nrpuIOIJS 
flow. Statistics for the data in Figs. 5-7 are given in the following Table II. 
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Table II - 



of Figs. 5-7 



4 -Hour 



4 -Hour 4 -Hour 

Computer Manual 

Control 



Control 



Manual 
Control 




10 



15 



Moisture Setpoint (%) 17 

Mean Moisture Content (%) i 6 .9 2 

Standard Deviation 
Moisture 



Mean Slurry Flow (t/hr) 

Standard Deviation 
Slurry Flow 



0.91 

34.78 
0.61 



20 



17 

16.48 

1.13 
34.18 

0.16 



17 

17.96 

0.93 
34.52 

0.14 



25 



30 



35 



standard deviation of 0.81 , deeping ^!^c had the ,owest moist ^ content 

17 % was signifioantiy best aS £2 °b y t ^L^S'h ^ *" ^'^^ COntent Set **« <* 
of 16.92% compared with 16.480/. an ? 17 96? ST*** 8, 9iv ' n9 3 mean moisture 
significance of this result is tha urZ manual coZtZ "' Peri ° d8 ° f manUal COntro '- The ™-n 

0.520/c below setpoint and in the other 0 get ^hn * T ?° ,StUre C0 " tent was driftin 9- in «>e case 
^an«ybett^^ Nation is thus 

using meTedTaS SiSaSTS^ -ua. operation of the p.ant and the opera«on 

8 shows a two-hour period 6uZT^Z 7^rT^T t T^ ^ 8 with 9 " Fi 9" 

occasion, the operator increased th toTlutS^A . ^ ChanQed considera bly. On this 
anticipation of the load change. le^nT^^ 

approximately 15 minutes when the mois ture J 2S over-dry.ng, followed by a period of 

behaviour contrasts with that shown in £ 9 whei fhT S * 9 t nif,Cant,y hi 9 her tha " *e setpoint. This 
invention was in operation. 9 ' 6 6 * he m °' StUre according to the present 

Claims 

controls the flow of drying air and/or the temnl™ nZ L , ? 9 " t0 3 com P uter w "ich at least 
« 6 ' SnsZS.' 0 ^ °' 8,8 PreCe< " n9 aams ' • <— »« powder 0. a componsn, 



BNSDOCID. <EP 0437888A2_I_> 



8 




1 



BNSDOCID: <EP 0437888A2_1_> 



9 



EP 0 437 888 A2 




CO U4 w 0 

cr 



BNSDOCID: <EP 0437888A2_I_> 



• 



EP 0 437 888 A2 




i 



r 

r>4 



0> 

u 

U 

to ^ 

O ^ 
3£ 



) 



V 



u 

■ a 

o 

o. 

u 
in 



1 



r 



j 




I 



T 

vO 

• as 



H H 

CO 1*4 ^ 



m O 
• • 

.-4 SO 



(A 

O B *^ 
H ^ 



1 



i 



0) 
0) 

x: P- 
u en 

a) C 
3 «tf — ' 



00 



BNSDOCID: <EP_04378B8A2J_> 



11 




EP 0 437 888 A2 




O (U ? 

a 



00 



<r oo 
<r in 



»- 8 — M 

00 pL, w 



T3 
41 

a v^/ 



BNSDOCID: <EP 0437B88A2_L> 



EP 0 437 888 A2 





BNSDOCID: <EP 0437888A2J_> 



13 




EP 0 437 888 A2 




20-7*1 





Slurry 
Flow 

(t/hr) 



Hi ;ftL^%»L * f • kUyilti ill 

fifth pftrfrt-- ' ; W- »t ■ «:/ tMiApHs i . , , lirjn. 

! . f . ' • 4 it* •! ■ 



33.8 




) 



BNSDOCID: <EP 0437888A2J_> 



14 



EP 0 437 888 A2 




JT 



? 



I 



to 
C 



4) 
0 



« 



rl 



i 



:!- 



1 



« 

CM 



0) 

n 

t/J 

o 



t-4 



M • • 

si v© oo 
<n ^ 

M 

3 O 



•HO 
< ^ 



<D CL 

C 0) 
M H 



<s 

GO 
CO 



BNSDOCID: < E P 0437888A2 J _> 



15 



EP 0 437 888 A2 




BNSDOCID: <EP 0437888A2_I_> 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 








(J) Publication number: 



0 437 888 A3 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 90203444.6 
@ Date of filing: 21.12.90 



© Priority: 16.01.90 GB 9000893 

© Date of publication of application: 
24.07.91 Bulletin 91/30 

® Designated Contracting States: 
CH DE ES FR GB IT LI NL SE 

® Date of deferred publication of the search report: 
24.02.93 Bulletin 93/08 



© mt. CUBOID 1/16, C11D 11/02 



© Applicant: UNILEVER N.V. 
Weena 455 

NL-3013 AL Rotterdam(NL) 
® CH DE ES FR IT LI NL SE 

© Applicant: UNILEVER PLC 

Unilever House Blackfriars P.O. Box 68 
London EC4P 4BQ(GB) 

(£) GB 



@ Inventor: Kerslake, Andrew John 
59 Arrowe Park Road 
Upton, Wirral(GB) 

inventor: Proudtoot, Christopher George 
Quarry Road East, Bebington 
Wirral, Merseyside(GB) 



© Representative: Kan, Jacob Hendrlk, Dr. et al 
Unilever N.V. Patent Division P.O. Box 137 
NL-3130 AC Vlaardingen (NL) 



CO 
< 

CO 
CO 
CO 



© Computer-controlled spray-dying process. 

© In an automated spray-drying process the mois- 
ture content of the powder obtained is automatically 
maintained at a pre-set level by measuring its actual 
value and feeding it to a computer which at least 
controls the flow of drying air and/or the temperature 
thereof as a function of past values of said flow 
and/or temperature, and as a function of current and 



past values of the moisture content. Preferably, the 
flow of drying air and/or the temperature thereof is 
also regulated as a function of current and past 
values of the slurry flow rate. The process is espe- 
cially suitable for the manufacture of detergent pow- 
ders or components thereof. 
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